Pollen stainability was found to be more or less similar in long petioled form (LPs) and short petioled form (SPs) of water hyacinth but the size of both oval and round pollen grains was bigger in SPs in comparison to the LPs, the difference being statistically significant. In seed development, significant differences were observed between LPs and SPs at 1 % level only in respect of their average number of capsules and seeds in case of natural pollination. However, in case of artificial self and crosspollinated flowers, significant differences were observed between LPs and SPs at 1 % level in respect of their average number of capsules, seed-bearing capsules and also number of seeds per capsule.
Introduction
Eichhornia crassipes (Mart.) SolmsLaubach, popularly known as water hyacinth, is a floating hydrophyte, belonging to the monocot family Pontedericeae. Although it is native to Brazil of tropical America, it spread over many tropical and subtropical regions including Bangladesh. Water hyacinth spreads very rapidly, mainly by vegetative means. According to Barrett in growing season 25 plants can produce enough biomass to cover 10,000 square meters of water surface with approximately two million plants. 1 In certain parts of the world, water hyacinth propagates by seeds also. 2, 3 The seeds of water hyacinth have been reported to remain dormant upto 20 years. 4 But in Malaysia fruit was never reported to be produced. 5 Bock reported the absence of sexual reproduction in California. 6 TagEl Seed and Obeid reported that very few capsules set seed in the Nile. 3 Aghakar and Banerjee reported that bagging the flowers produced fruits indicating that self-pollination occurs to a considerable extent. 7 Although water hyacinth flowers are attractive and well suited for insect pollination, yet only 35 % of the flowers are pollinated under natural conditions. On the basis of the above observation a comparative
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Comparative Study of Pollen Grains and Development of Seed in Both Long and Short Petioled Forms of Eichhornia crassipes (Mart.) Solms-Laubach study was undertaken to study the characteristics of pollen grain and development of seed in both long petioled form (LPs) and short petioled form (SPs) of water hyacinth.
Materials and Methods
For comparative study of pollen characteristics and seed development, samples of water hyacinth (LPs and SPs) were collected from ditches. After collection, the samples were separated on the basis of petioles. The LPs were characterized by long slender petioles while SPs by short swollen petioles. Selected samples having distinct petiole differences, were then grown separately in earthen tubs, containing tap water.
All experiments were conducted in BCSIR Laboratories, Dhaka.
Pollen grain study

Pollen grain characteristics
After flowering, pollens of both LPs and SPs were collected and stained with acetocarmine and glycerine in the ratio of 1:1 (According to trial and error method). The estimates were based on the examination of 1500 pollen grains. Only well inflated, uniformly stained grains were considered for the study.
The freshly opened anthers were placed in a drop of the stain on a clean slide; anthers were gently squeezed with a pair of forceps and the debris was removed. Cover slip was placed and stainability was scored with a compound microscope. The stainability was expressed in percentage.
Photomicrographs of pollen grains of both LPs and SPs were taken.
Pollen grains were measured using Ocular micrometer (8X45). For this study only fully stained pollen grains were counted for both LPs and SPs.
Development of seed of LPs and SPs
Development of seed by natural pollination
Water hyacinth flowers are attractive and usually insects visit the flowers, but only 35 % flowers are pollinated under natural condition. After 18 days, the mature capsules were collected and sun-dried. Number of capsules per inflorescence, number of seedbearing capsules per inflorescence, number of seeds per capsule were recorded. Insects visiting the flowers were also recorded.
Use of bagging method for seed development by self or cross-pollination
Development of seeds by self-pollination
Early in the morning pollen grains from the freshly opened flowers were transferred to the stigma of the same flower with the help of sterilized forceps. The flowers were then covered with a mosquito-net and marked by a tag. After about 18 days the capsules matured. The net was then removed from the inflorescence and the capsules were collected and dried under the sun. The dry capsules were dissected to detect the presence or absence of seed in them. If seeds were present, their number was determined. Record was maintained of the number of capsules per inflorescence, number of seed-bearing capsules per inflorescence and number of seeds per capsule. Fifty inflorescences of both LPs and SPs were used in this study.
Development of seed by cross-pollination
Reciprocal crosses were made between LPs and SPs. The cross-pollinated flowers were covered with a piece of mosquito-net and marked with a tag. After 18 days, the mature capsules were collected and sun-dried. Number of capsules per inflorescence, number of seed-bearing capsules per inflorescence and number of seeds per capsule were recorded as described before. Eighteen inflorescences of both forms (LPs and SPs) were included in this study.
Measurment of seeds
Naturally pollinated, artificial self and crosspollinated seeds of both LPs and SPs were measured with the help of an Ocular micrometer (x 80).
Results and Discussion
Comparative study of pollen grains of both long petioled form (LPs) and short petioled form (SPs) of water hyacinth revealed significant differences in the size of both oval and round pollen grains which are presented in Tables Ib and Ic. Comparative study of pollen grains of LPs and
SPs
The pollen grains were oval and round (Figs. 1a to d) in both LPs and SPs. Round pollen grains were found to be less in number in comparison to the oval ones in both the forms. The stainability was also found to be more or less same, in that out of 1500 pollen grains studied, 91.2 % in SPs and 91.3 % in LPs were found to be stained ( Table Ia) .
Measurement of size of the oval and round pollen grains : The average length and breadth of oval pollen grains were more in SPs than LPs. The differences were significant at 5 % and 1 % level respectively (Table  Ib) . The average dia. of round pollen grains was more in SPs in comparison to LPs. The differences were significant at 1 % level (Table Ic) .
Pollen stainability was found to be more or less similar in LPs and SPs, but the size of both oval and round pollen grains was bigger in SPs in comparison to the LPs, the differences being statistically significant (Tables Ib  and Ic) .
The average length (88.6 ± 3.8 µ) of pollen grains reported by Barrett was found to be greater but average breadth (30.3 ± 2.1µ) of pollen grains was found to be smaller than LPs and SPs of the present study (Table Ib) . 
Development of seed of LPs and SPs
In case of comparative study of development of seed by natural and artificial self and cross-pollinated plants in both LPs and SPs, statistically significant differences in number of capsule and seeds/capsules are presented in Tables IIIa, IIIb and IIIc. In comparative study of measurements of seeds in artificially self and cross-pollinated plants of LPs and SPs, both length and breadth of seeds in selfpollinated plants were found to be significant and in cross-pollinated plants difference was observed only in length of the seeds, the results are presented in Tables IVb and c .
Seed developed by natural pollination
Blooming flowers were found to be visited by different types of insects (Preying mentid, Grassopher, Diptera etc). Over 500 flowers of LPs and SPs had been observed out of 100 naturally pollinated inflorescences of each form. The average number of capsules was found to be 15.70 ± 0.77 in LPs and 5.70 ± 0.44 in SPs (Table IIIa) . The average number of seed-bearing capsules was 2.05 ± 0.64 in LPs and 1.50 ± 0.21 in SPs. Some capsules were found to be empty which were also counted ( Table IIa) . The average number of seeds per capsule was also found to vary in both the forms. In LPs the average number of seeds was 34.50 ± 5.96 while that in SPs was 12.75 ± 2.19 (Table IIIa) Significant differences were observed between LPs and SPs at 1 % level in respect of their average number of capsules and seeds. The difference between the average number of seed-bearing capsules was found to be statistically insignificant (Table IIIa) . Table IIIb and compared with those, developing under natural conditions ( Table IIIa) . Number of empty capsules were also counted (Table IIb) . In artificially self-pollinated flowers, the average number of capsules was found to be 13. Significant differences were observed between LPs and SPs at 1 % level in respect of their average number of capsules, seedbearing capsules and also number of seeds per capsule (Table IIIb) .
Development of seeds in artificially cross-pollinated flowers.
Two hundred and twenty five flowers of LPs and 113 flowers of SPs were cross-pollinated by hand (Figs. 2a and 2b ). These flowers were selected from 18 inflorescences. The results are shown in Tables IIc and IIIc and  compared with those developing under natural conditions (Tables IIa and IIIa) and also with those self-pollinated by hand (Tables IIb  and IIIb ).
In artificially cross-pollinated flowers, the average number of capsules was found to be 12.94 ± 0.64 in LPs and 6.28 ± 0.40 in SPs.
The average number of seed-bearing capsules was 11.67 ± 0.09 in LPs and 5.94 ± 0.50 in SPs; the average number of seeds per capsule was 107.92 ± 10.26 in LPs and 71.52 ± 6.60 in SPs. The differences observed between LPs and SPs in respect of their average number of capsules, seed-bearing capsules and also seeds per capsule were statistically significant at 1 % level ( Table IIIc) .
The number of empty capsules was found to be more in naturally pollinated plants in comparison with the artificially self and crosspollinated plants (Tables IIa to c ) of both LPs and SPs. It was also observed that number of seed-bearing capsules was found to be less in naturally pollinated plants in comparison with artificially self and cross-pollinated plants of both LPs and SPs (Tables IIa to c ).
The number of seed-bearing and empty capsules is shown in Table II .
Measurements of seeds in LPs and SPs
After counting the number of seeds (Figs. 3a to f) per capsule, the size of the seeds was measured with the help of an Ocular micrometer (Table IV) .
Measurements of seeds in naturally pollinated plants
The study yielded statistically insignificant results (Table IVa) . 
Measurements of seeds in artificially self-pollinated plants
The study yielded statistically significant results (Table IVb) .
Measurements of seeds in artificially cross-pollinated plants
The differences between LPs and SPs in respect of their average length of seeds were found to be significant at 1 % level while the average breadth of seeds was found to be statistically insignificant (Table IVc) .
All statistical analysis was followed as per method of Islam. 9 Ridley observed that water hyacinth plant reproduces only vegetatively in its adventive range. 10 Bock reported the absence of sexual reproduction in California. 6 Penfound and Earle observed mature fruits from May to December. 11 Mitchell and Thomas did not find seeds or mature fruits in any areas of South America. 12 Bruhl and Sengupta obtained seeds by artificial pollination. 13 Agharkar and Banerjee reported that bagging the flowers produced fruits indicating that self-pollination occurs to a considerable extent. 7 Agarkar and Banerjee (L.c.) also noted that pollination was not always followed by fruit formation because of interference by other factors (temperature and humidity). In general Aghakar and Banerjee (L.c.) reported that seed formation took place in submerged flowers. Subramanyam also mentioned that seed formation took place only in submerged inflorescence. 14 Das observed that submergence was not necessary for seed formation. 15 The present study agrees with the observation of Das (L.c.). The confirmation was obtained when seed-bearing capsules resulted from artificial pollination of flowers, supported above water level by means of net ( Figs. 2a and 2b) . Tag El Seed and Obeid reported that in water hyacinth in artificially self-pollinated plants, most of the flowers formed capsules containing seeds. 3 The present findings are in confirmity with Tag E1 Seed and Obeid's findings Table IVc . In artificially cross-pollinated plants as most of artificially pollinated flowers produced seed bearing capsules. 3 Agharkar and Banerjee in India, reported that about 35 % of the flowers were successfully naturally pollinated. 7 Haigh reported that in Srilanka 29 % of the flowers bore capsules and Mclean observed 1 % of the flowers in Bengal setting seeds, while according to Backer fruits were unknown in Malaysia and Java. 16, 17, 5 In the present study, only 2.80 % of the flowers were naturally pollinated in LPs and 5.95 % in SPs.
Barrett reported that seed production in artificial and naturally pollinated flowers was found to be higher in mid-styled than in longstyled form. 18 In the present study, longstyled form was totally absent and only midstyled form was found to produce seeds. The number of seeds were found to be higher in artificially self and cross-pollinated plants in comparison to the naturally pollinated plants (Tables IIIa to c) .
Barrett reported that out of 2,546 flowers 94.7 % produced capsules with an average of 143.3 seeds per capsules. 19 Barrett (L.c.) also reported that no significant differences in seed set had been observed between self and cross-pollinated plants of Louisiana, Florida, Mexico and Southern Brazil.
In the present study, significant differences were observed in seed set between self and cross-pollinated plants of both LPs and SPs (Table IIIb and IIIc) .
Barrett reported that seed set was significantly higher in cross-pollinated plants in comparison to self-pollinated plants in California, Sudan and Calcutta. 20 The findings of Barrett (L.c.) are in agreement with the present study (Tables IIa to c ). In the present study, out of 100 naturally pollinated inflorescence, 1 to 14 capsules per inflorescence in LPs and 1 to 4 capsules per inflorescence in SPs were observed (Table  IIIa) . In self-pollinated plants, out of 50 inflorescence 1 to 25 capsules per inflorescence in LPs and 1 to 10 capsules per inflorescence in SPs were observed (Table IIIb) . In cross-pollinated plants, out of 18 inflorescence 2 to 17 capsules per inflorescence in LPs and 1 to 9 capsules per inflorescence in SPs were observed (Table IIIc) .
It was also observed that the number of seeds per capsule was found to be remarkably variable. Dekimpe 21, 22, 11, 23, 24, 3, 25, 26 In the present study, in naturally pollinated plants one to 108 seeds per capsule in LPs and one to 45 seeds per capsule in SPs were observed. In self-pollinated plants, one to 273 seeds per capsule in LPs and one to 226 seeds per capsule in SPs were observed. In cross-pollinated plants, two to 206 seeds per capsule in LPs and three to 148 seeds per capsule in SPs were observed. The number of seeds per capsule was found to be higher in self-pollinated plants than in cross-pollinated plants in both forms.
Oki and Ueki reported that the emerged plants produced more inflorescence and seeds than floating plants. 27 The present study agrees with this observation.
In the present study it was found that some capsules contained seeds while others did not. The percentage of seed-bearing capsules was found to be higher in artificially self and cross-pollinated plants in comparison with naturally pollinated plants (Tables IIa to c) . On the other hand, the number and percentage of empty capsules were found to be higher in naturally pollinated plants in comparison with the artificially self and cross-pollinated plants (Tables IIa to c) . From the above observation it may be concluded that both artificial self and cross-pollinations produce greater number of seed-bearing capsules with a higher number of seeds per capsule in both forms. It may be mentioned here that no other report has been observed on the existence of empty capsules.
Conclusion
From the comparative study of pollen grain and development of seeds in both long petioled (LPs) and short petioled (SPs) form of water hyacinth it is evident that water hyacinth has two different forms.
